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utilizes selectively - permeable membrane filters
separate the components of solutions and suspension at
molecular size level. Ultrafiltration membranes are s
ficially characterized by the size of molecules that
retained up to 90 %. This is described by the conce
molecular weight cut-off (MWCO) (3). Ultrafiltra
membranes have MWCO's from about 500 Da u
almost a million Da, the operating pressure being 0":: - :
bar. Research about membranes is still continuing in
to find new materials for the production of
membranes of adequate mechanical strength, thermal
chemical resistance which are easy to prepare but at
same time efficient and selective (4).
Hollow fiber membranes (HFM) from Polys
(PS) and Polyethersulfone (PES) materials are interes
to study because they offer advantages when com
with flat membranes. HFM do not need additional su
and the internal diameter of the fiber is sufficient to pre
a substantial pressure drop along the bore of the fiber.
is the reason why HFM are stronger than flat memb
(5). Cabasso et al. (6) discussed the influence of
spinning conditions on some mechanical and tra
properties of the spun fibers. They said that many pza-
meters were involved in the formation of a na
membrane.
The present paper describes the effect of mol
weight of polyvinylpyrrolidone (PVP) additive and a s
amount of water in the dope solution on the characteris
of PES HFM as prepared by dry - wet spinning technique..
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ABSTRACT
Preparation by applying the dry - wet spinning method and
characterization of polyethersulfone (PES) hollow fiber membranes for
ultrafiltration purpose have been studied. The characteristics of the
hallow fibers studied include water flux, rejection rate, molecular weight
cut - off and cross section structure. The membrane was prepared using
the dope solution composition of 20% PES, 6% Polyvinylpyrrolidone
(PVP) and 74% of n-Methyl Pyrrolidone as solvent. The effect of
molecular weight of PVP and the small amount of water added in the
dope so/ution have also been studied. The results show that increasing the
molecular weight of PVP in the dope so/ution will decrease the rejection
coefficient of the membrane towards dextran so/ution. Effect of a small
amount of water in the dope so/ution as wetting agent is not obvious as
indicated by the fluctuations in the results. Higher operating pressure
during u/trafi/tration process give higher water flux, but the effect on
membrane rejection is not clear. By taking the rejection coefficient as 90
%, the mo/ecular weight cut-off of the hallow fiber prepared are 40,000;
80,000; 25,000 and 110,000.
INTISARI
Preparasi dengan cara pemintalan kering - basah dan karakterisasi
membran serat berongga dari bahan polietersulfon (PES) untuk proses
ultrafiltrasi telah dipelajari. Beberapa karakteristik membran yang
diamati meliputi fluks air, koefisien rejeksi, pemotongan berat molekul
dan struktur penampang lintang membran. Membran dibuat dengan
komposisi larutan 20 % PES, 6 % polivinilpirolidon (PVP) dan 74 %
pelarut n-metil pirolidon. Pengamatan juga dilakukan untuk pengaruh
berat molekul PVP dan penambahan sedikit air pada larutan pollmer
terhadap karakteristik membran yang dihasilkan. Hasil percobaan
memperlihatkan bahwa, semakin besar berat molekul aditif PVP yang
dipakai dalam pembuatan membran sera! berongga, akan menurunkan
koefisien rejeksi membran tersebut terhadap larutan dekstran. Pengaruh
adanya sedikit air sebagai zat pembasah kurang jelas seperti ditunjukkan
oleh hasil yang berfluktuasi. Proses ultrafiltrasi pada tekanan tinggi akan
menaikkan harga fluks air, tetapi pengaruhnya pada koefisien rejeksi
kurang je/as. Dengan mengambil batasan koefisien rejeksi sebesar 90 %
telah berhasil dibuat membran serat berongga dengan pemotongan berat
molekul masing-mastng sebesar 40.000,80.000,25.000 dan 110.000.
INTRODUCTION
The industrial application of membranes such as the
hollow fiber technology has been developed principally in
separation processes as they can economically compete
with conventional separation methods (1,2). The process
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EXPERIMENTAL
There are two kinds of methods in the prepara .
of membranes, namely the wet and dry spinning and m
spinning. In the wet and dry spinning method, the poly
materials are dissolved in certain solvents, sometimes
small amount of water and an additive are added into
polymer solution in order to develop pores. In the m
spinning, the polymer materials are melted in hi
temperature. In this experiment the dry - wet spinnieg
method is used in the preparation of HFM.
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Materials
Polyethersulfone (PES) P 3600 (Victrex) (ICI); Poly-
vinylpyrrolidone (PVP) MW 360,000. and MW 40,000
(Aldrich); n-Methyl pyrrolidone (NMP); Glycerin (Wako
pure chemical industries Ltd); Dextraus.
Apparatus
The following apparatus were used. Hollow fiber
spinning apparatus, type SSP-2020D (SGI); Scanning
Electron Microscope (SEM) (Hitachi); Liquid Chromato-
graph (Gasukuro Kogyo 570 B); Centrifuge; Testing
apparatus for water flux and dextran molecular weight
cut-off measurement; Loupe and Scale loupe; Balance;
Cutting machine.
METHODS
Dry - wet spinning
In the preparation of HFM by dry - wet spinning
process the spinning apparatus used, have two cylinders
loaded by 200 ml of dope and bore precipitant. Hollow
fibers are spun from a solution of PES and PVP in NMP as
solvent, while the bore precipitant is water. The nascent
fiber was quenched by water and rolled up by a rotating
drum. The PVP was removed from the fiber by washing
with running water. The composition of polymer in solu-
tion can be seen in Table 1.
Table 1. Composition of dope solution and spinning
conditions of PES Hollow fiber preparation.
Sample Composition Speed control")
No of dope (Wt. %)'
PES·NMP-PVP- Water Bore Solution Rotating
Precipitant (ml/min) See/rot.
(ml/min)
PES 1· 20 - 74 - 6 - 0 5 5 5.8
PES 2 20 - 74 - 6 - 0 6 5 9.7
PES 3 20 -73 - 6-1 5 5 4.0
PES 4 20 - 73 - 6-1 5 5 5.5
*) for PES 1 and 3 molecular weight of PVP is 40,000 and for PES 2
and 4 molecular weight of PVP is 360,000.
**) Spinning and bore water precipitant temperature were room
temperature ( 20°C)
Figure 1 and Figure 2 show the principle of the spinning
process and the flow chart of the experiment respectively.
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SPINI£RET
Figure 1. Schematic diagram of the hollow fiber
spinning process.
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Figure 2. Flow chart of PES HF experiment.
Preparation of PES HF for SEM
PES hollow fibers were attached to aluminium disks
with a double surface scotch tape. Cross section of PES
hollow fibers were prepared for the SEM by breaking the
fibers at the liquid nitrogen temperature. Quick freezing of
the fiber to such a temperature does not damage the fiber
and leaves an undeformed surface. The mounted specimen
was then coated with gold.
SEM observation.
Cross section structure of membranes were observed
with Scanning Electron Microscope (Hitachi). Observation
were carried out at working distance 15 mm. The photo-
graphs were taken with polaroid camera at different magni-
fication.
Water flux measurement.
Ultrafiltration rates were determined by steady state
measurement of the quantity of water permeating a fiber
bundle at a pressure of 1 kg/em? and 2 kg/cm-. Approxi-
mately 4 or 6 fibers (37 em in length) were potted into 1/2
cm diameter polypropylene tubing. The fiber bundles were
55
connected to the pressurized water supply (Figure 3). The
feed stream passed through the hollow core of the fiber
and the filtrate was collected in a measuring cylinder.
prtssuriz.d wlt.r suply
air
tank
Figure 3. Set up of hollow fiber for water flux measurement.
Module preparation for dextran cut-off measurement
A certain.number of fibers (about 30 fibers of 20 em
length) were put inside polyethylene tubing and both ends
of the tubing were potted with polyurethane. The modules
were rotated in a centrifuge during 3 - 5 hours until the
polyurethane hardened.
Dextran determination
Concentration of dextran in permeate and concentrate
are determined by GPC (Gasukuro Kogyo 570 B) using the
OH pack SB 804 column. As much as 100 III of sample are
injected into the apparatus and the concentration of dextran
are calculated by comparing area chromatogram of sample
and standard.
Ultrafiltration of dextran solution
Ultrafiltration of dextran solution was determined by
setting up the apparatus shown in Figure 4 schematically.
~ristQI tic Pump
Feed Sotut ion
Figure 4. Set up module of hollow fiber for dextran ultra-
filtration process.
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The hydraulic permeability coefficient at diff
trans membrane pressure (6) was calculated from
equation:
J
Lp = ---- where,
AL\P
Lp = permeability coefficient
A = area (cm2) of fiber bundle estimated by
rement of the average inner diameter using
loupe.
J
M=
Permeation rate (ml/min.)
trans membrane pressure = 1/2 (Po + P1)
The rejections for dextran solution were calculated
measurement of dextran concentration in permeate
concentrate by GPC. Rejection of a solute (7) was
lated from the equation:
R =
Cp
(1---) x 100%, where,
Cf
rejection coefficient
concentration of dextran in permeate
concentration of dextran in concentrate
RESULTS AND DISCUSSION
All data presented in this paper are the average fro
least twice measurements, except the data for diam
thickness and area are the average of ten measurements..
Table 2 indicates some mechanical properties of p~
HF membrane and it shows the effect of compositions
dope solution (see Table 1) and molecular weight of P _
on the resulted membrane diameter. Both composition
molecular weight of PVP did not affect the thickness of
membrane. Increase in molecular weight of PVP
increase the diameter of, HF membrane while a s
amount of water in solution will reduce the diameter of H:
membrane.
Table 2. Some mechanical properties of PES HFM.
Fiber Diameter (mm) Thickness Area (cm2) for meas
No
inner (mm) water f1ux+) dextran
.outer
PES 1 1.3 1.1 0.1 51.1 207
PES 2 1.5 1.3 0.1 60.4 245
PES 3 1.0 0.8 0.1 55.7 151
PES 4 1.1 0.9 0.1 62.1 170
+) PES 1 and 2, 4 fibers and 37 cm long.
PES 3 and 4, 6 fibers and 37 cm long.
30 fibers and 20 cm long.*)
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Table 3 shows the effect of operating pressure on water
flux of hollow fiber membrane. Increasing operating
pressure during ultrafiltration process will also increase the
water flux. In this experiment increasing operating pressure
from 1 kg/em? to 2 kg/ern? can increase the water flux
about 2 - 3 times.
Table 3. Water flux of PES HFM (ml/cm-tmin. XlO-4).
Fiber Number and length Area Water flux (ml/cm-cmin.lu+)
No (fibers / ern) (cm2) at pressure of
1 kg/cm2 2 kg/ern?
1a 4/37 51.12 215 704
1b 4/37 51.12 226 860
2a 4/37 60.41 29 54
2b 4/37 60.41 28 53
3a 6/37 55.76 186 -
3b 6/37 55.76 170 -
4a 6/37 62.16 22 45
4b 6/37 62.16 28 46
Table 4 shows rejection coefficient of PES HF mem-
brane for different molecular weights of dextran solution at
operating pressure of 100 mm Hg. Increasing in molecular
weight of dextran solution will give a higher rejection
coefficient; with the exception of dextran of molecular
weight 40,000. This deviation may be caused by the
impurities of dextran standard, because all the dextrans
used in this experiment did not come from the same
industry.
Table 4. Rejection coefficient (%) of PES HFM towards
dextran solution (0,1 %) at Pressure of 100 mm Hg.
Sample No Molecular weight of dextran
10K 40K 70K 162 K 500K 2000 K
PES 1 63 93 98 98 100 100
PES 2 50 45 93 100 100 100
PES 3 84 100 93 98 100 100
PES 4 47 100 61 99 100 100
The results in Table 5 show the rejection coefficient at a
pressure of 150 nun Hg, which are very similar to the ones
in Table 4, indicating the higher molecular weight of
dextran will be rejected by the HF membrane in higher
level. From Table 4 and 5 the molecular weight cut-off all
PES HF membranes can be estimated by taking the
rejection coefficient as 90 %. It is estimated that the
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molecular weight cut-off of PES 1, PES 2, PES 3 and PES
4 are about 40,000; 80,000; 25,000 and 110,000
respectively.
Table 5. Rejection coefficient (%) of PES HFM towards dextran
solution (0,1 %) at Pressure of 150 mm Hg.
Sample No Molecular weight of dextran
10K 40K 70K 162K 500K 2000K
PES 1 61 94 98 99 100 100
PES 2 58 89 81 99 100 100
PES 3 82 100 98 99 100 100
PES 4 48 84 70 99 100 100
Effect of operating pressure on dextran solution flux
and rejection coefficient towards different molecular
weight of dextran solution can be seen in Tables 6, 7, 8, 9,
10 and 11. As expected from theoretical consideration
increasing operating pressure tends to increase the water
flux but its effect on rejection coefficient is not obvious, as
indicated by some fluctuation of the data.
Table 6. Performance of PES module during the ultra-
filtration of 01 % dextran MW 10 000 solution,
Fiber P (mm Hg) Dextran flux X 10-4 Rejection coef.
No. (rnl/cm-.min.) (%)
PES 1 100 69 63
PES 1 150 103 61
PES 2 100 7 50
PES 2 150 10 58
PES 3 100 70 84
PES 3 150 193 82
PES 4 100 15 46
PES 4 150 21 47
Table 7. Performance of PES module during the ultrafiltration
of 0.1 % dextran MW 40,000 solution.
Fiber P (mm Hg) Dextran flux X 10-4 Rejection coef.
No. (rnl/cm-rnin.) (%)
PES 1 100 72 93
PES 1 150 96 93
PES 2 100 10 45
PES 2 150 13 89
PES 3 100 77 100
PES 3 150 99 100
PES 4 100 13 100
PES 4 150 19 84
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Table 8. Performance of PES module during the ultrafiltration
of 0.1 % dextranMW 70,000 solution.
Fiber P(mmHg) Dextran flux X 10-4 Rejection coef.
No. (ml/cm2min.) (%)
PES 1 100 67 98
PES 1 150 96 98
PES 2 100 7 92
PES 2 150 13 81
PES 3 100 66 92
PES 3 150 99 98
PES 4 100 8 60
PES 4 150 24 69
Table 9. Performance of PES module during the ultrafiltration
of 0.1 % dextranMW 162,000 solution.
Fiber P(mmHg) Dextran flux X 10-4 Rejection eoef.
No. (ml/cm2wn.) (%)
PES 1 100 73 98
PES 1 150 91 99
PES 2 100 10 100
PES 2 150 16 99
PES 3 100 66 98
PES 3 150 99 99
PES 4 100 21 99
PES 4 150 27 100
Table 10. Performance of PES module during the ultrafiltration
of 0.1 % dextran MW 500,000 solution.
Fiber P(mmHg) Dextran flux X 10-4 Rejection coef,
No. (ml/cm2min.) (%)
PES 1 100 61 100
PES 1 150 79 100
PES 2 100 10 100
PES 2 150 15 100
PES 3 100 61 100
PES 3 150 105 100
PES 4 100 32 100
PES 4 150 21 100
Table 11. Performance of PES module during the ultrafiltration
of 0.1 % dextran MW 2,000,000 solution.
Fiber P(mmHg) Dextran flux X 10-4 Rejection eoef.
No. (ml/cm2min.) (%)
PES 1 100 111 100
PES 1 150 135 100
PES 2 100 - 100
PES 2 150 - 100
PES 3 100 72 100
PES 3 150 89 100
PES 4 100 - 100
PES 4 150 - 100
90 90§
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Figure 5. Effect of flow rate on the rejection coefficient
towards dextran MW. 10,000 solution during Gltra-
filtration process, 0 and • = PES 1; L'l and • =
PES 3.
58
Figure 5 shows that there is no effect of incnz:::;
flow rate on the rejection coefficient towards dextran
10,000 during ultrafiltration process. However the d
flux during ultrafiltration process tends to decrease s "_
with increasing flow rate.
Figure 6. Cross section photographs of PES 1.
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Cross sectional photographs of all hollow fiber that
have been prepared in this experiment can be seen in
Figures 6, 7, 8, and 9. Each hollow fiber had an asymmetric
structure which contained external and internal skins and
also finger like intrusion cells and macrovoids which
depend on the composition of the dope solution. If one
compares between PES 1 and PES 2 (Fig. 6 and 7) one
will find that the inner skin of PES 1 contains more
cavities than PES 2. The inner skin of PES 2 appears
Figure 7. Cross section photographs of PES 2.
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Figure 8. Cross section photographs of PES 3.
dense, but from the results of molecular weight cut-off,
where PES 2 has higher molecular weight cut-off than PES
1. It is apparent that the inner skin of PES 2 has a larger
pore size. Different structure of the inner skin of two
membranes was caused by different molecular weight of
PVP additive. The same result was also found for PES
hollow fibers 3 and 4 (Fig. 8 and 9). The macrostructure of
PES 1 and PES 3 are almost the same, and this applies also
for PES 2 and PES 4, which was only different in size.
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Figure 9. Cross section photographs of PES 4.
CONCLUSION
From the results of the experiments several conclusions
can be made:
1. The molecular weight of polyvinylpyrrolidone can
affect the membrane characteristics, where increasing
in molecular weight of PVP will decrease the rejection
coefficient of the membrane.
2. Effect of a small amount of water in the dope solution is
not clear due to fluctuation in the data.
3. Flow rate did not affect the flux rate and its effect to
membrane rejection was not significant.
4. Increasing in operating pressure will increase the water
flux, but the effect to membrane rejection is not clear.
5. The molecular weight cut-off of the membranes can be
affected by composition and molecular weight of PVP
additive in the dope solution.
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